To investigate causes of death in infants who died after 28 days, beyond the neonatal period but before discharge from the nursery, to establish their clinical courses and causes of death and to attempt to find criteria for earlier identification of these infants.
OBJECTIVE:
To investigate causes of death in infants who died after 28 days, beyond the neonatal period but before discharge from the nursery, to establish their clinical courses and causes of death and to attempt to find criteria for earlier identification of these infants.
METHODS:
We identified 30 such infants (12% of nursery deaths) from 1993 through 1998 and conducted a retrospective review of their records including placental pathology and autopsy reports when available. In all, 14 infants who weighed r860 g at birth were matched with survivors.
RESULTS:
The 30 infants divided almost equally into two groups. Of them 15 infants weighing Z880 g died of diverse congenital anomalies, including five with nonhemolytic hydrops and four with pulmonary hypoplasia. One infant without congenital anomaly weighed 3290 g. Support for this severely asphyxiated infant was withdrawn after 103 days because of progressive cortical atrophy. The remaining 14, the largest of which weighed 860 g, died of complications of prematurity, which we termed postponed neonatal deaths (PND). They followed a typical course of progressive multiple organ failure. All received assisted ventilation and postnatal steroids, developed chronic lung disease, and were on ventilation at the time of death. Renal insufficiency occurred late in the course. Acute infections and renal failure were the major proximal causes of death. When compared with surviving controls the PND were less likely to have received antenatal steroids and received more inotropic agents for cardiovascular support and more amphotericin for fungal infection; surgery for perforated bowel was confined to the PND.
INTRODUCTION
The past 30 years have seen a dramatic shift in the demographics of perinatal mortality. In 1971, 30 years ago, only 10 to 15% of neonatal deaths occurred after the first week. 1 Advances in obstetric and neonatal care in the years immediately following led to increased survival of premature infants. By 1980, however, it had been noted that a substantial rise in the postneonatal death rate had accompanied this decrease in neonatal mortality. 2 For some premature infants, changes in neonatal care had not prevented but merely postponed death from the complications of prematurity. A study of infants with birth weight under 1500 g born between 1975 and 1977 treated at Rainbow Babies and Children's Hospital found that of 145 deaths in the first year, 20 (14%) occurred after the neonatal period. 3 Of these deaths, 17 were because of the complications of prematurity and 16 (11%) occurred during the first hospital stay.
The past 20 years, which have seen many changes in the practice of perinatal care, have seen little new literature dealing directly with postneonatal death. There is, however, no evidence that the magnitude of the problem has diminished. The National Institute of Child Health and Human Development Neonatal Network for 1991 to 1992 reported postneonatal deaths at 11% of very low-birth-weight nursery deaths. 4 These infants represent a significant investment of community and caregiver resources: an investment that, while exacting an immense emotional toll on families, yields only prolonged suffering for the infants. It would thus be advantageous if we could reliably identify these infants earlier in their course.
We previously reported the postneonatal nursery deaths occurring at Los Angeles County+University of Southern California (LAC+USC) Medical Center from 1976 through 1983. 5, 6 In the current report, we wish to compare postneonatal deaths from the same nursery from 1993 through 1998, 17 to 15 years later. Our objective is to identify factors leading to death, especially those that may be preventable, and possibly to identify features that could definitively distinguish postponed neonatal deaths (PND) from potential survivors.
METHODS
We conducted a retrospective study of all infants born at LAC+USC medical center from 1993 through 1998 (a 6-year period) who died in the nursery after 28 days. We excluded patients who returned to the nursery after discharge to home. All infants born at our hospital are included in the nursery death rate regardless of where they may be transferred for special care. Infants are transferred back to our NICU for postoperative care. Our hospital population is over 90% Hispanic, primarily from Mexico. The ethnic background of our extremely low birth-weight infants is approximately 85% Hispanic, 14% black people, with 1 to 2% other racial background.
In all, 30 infants were identified; their clinical records and, where available, placental pathology and autopsy reports were reviewed. Of these infants, 14 had birth weights r860 g. These were matched by birth date (range±12 months), birth weight (±65g), gestational age (±2 weeks), gender and twinning with 14 infants who survived to discharge. We sacrificed matching by gender and birth weight in one case in order to match by twinning. We compared the clinical records and placental pathology reports of these infants. All data are expressed as means (±SD) except where otherwise indicated, and analysis was by t-test or w 2 as appropriate. Permission to report the study was obtained from the hospital IRB.
RESULTS
From 1993 through 1998, 39,666 live births and 250 (0.6%) inborn infant deaths occurred at our hospital. Of these deaths, 30 (12%) occurred after 28 days but before nursery discharge.
Of the 30 infants, 15 had significant congenital anomalies, the smallest of which weighed 880 g at birth. Of the remaining 15 without serious congenital anomalies, only one had a birth weight Z860 g: a 3290 g infant with central nervous system (CNS) depression and meconium aspiration. This infant was born with Apgar scores of 2 at 1 minute and 3 at 5 minutes following documented fetal distress. She was ventilator dependent during her entire course and intensive care was finally withdrawn on the 103rd hospital day because of progressive cortical atrophy. Excluding this one infant, the patients divided evenly into two groups: infants of birth weight Z880 g with congenital anomalies and infants of birth weight r860 g without ( Table 1) .
Nine of the 15 infants with congenital anomalies had a birth weight <2500 g, including four with a birth weight less than 1500 g. The anomalies were various and followed no clear pattern. They included complications of trisomy 21 (three infants), omphalocele (two), jejunal web (one), metabolic disorders (two), thanatophoric dysplasia (one), congenital lymphangiomatosis with fetal hydrops (one), prune-belly syndrome with bilateral polycystic kidneys (one), Potter's syndrome (one), Dandy-Walker syndrome (one), and idiopathic nonimmune fetal hydrops (two). The two metabolic disorders were mucopolysaccharidosis type VII with fetal hydrops and a lysosomal storage disease. The infant with a jejunal web developed liver failure secondary to prolonged parenteral nutrition. The three infants with trisomy 21 included one with atrial septal defect, situs inversus, and duodenal atresia who required multiple abdominal surgeries, developed multiple strictures, and required total parenteral nutrition throughout life. The second developed disseminated intravascular coagulopathy secondary to intestinal obstruction after abdominal surgery for stomach perforation. The third had fetal hydrops secondary to heart failure with atrial septal defect. In total, there were five infants with nonimmune fetal hydrops. Primary renal anomalies occurred in only two infants and nervous system anomalies only in one. Cardiac abnormalities were frequent, but in none of the infants was the cardiac lesion the primary anomaly. Four infants had unresolved pulmonary hypoplasia. Autopsies were performed on six of the infants (40%); these included the infants with lymphangiomatosis and lysosomal storage disease, in whom the diagnosis was unknown before autopsy. The other four autopsies essentially confirmed the clinical diagnoses.
The infants with birth weight r860 g died of complications of prematurity, and we therefore termed them PND. Only six (43%) of the 14 infants in this group were autopsied; however, clinical and autopsy causes of death were not different. Proximal causes of death were infection and renal failure, following a prolonged course of ventilatory support, postnatal steroids, antimicrobials and parenteral nutrition. Causes of death ascribed by the clinical caregivers were reviewed and confirmed by the authors. The cause of death in autopsied cases was determined by our pediatric pathologist (ZP). Highlights of the clinical course for the 14 PND and their controls are shown in Table 2 . All of the PND infants received ventilatory and inotropic support at the onset. Ten had symptomatic patent ductus arteriosus, of which eight required ligation. Infections were common throughout the nursery stay. All PND infants had at least one episode of bacterial sepsis and all but one had generalized yeast infections. Evidence of dysfunction occurred system by system. Eight infants had intraventricular hemorrhage (IVH) of grade III or greater. Necrotizing enterocolitis (NEC) occurred in four, with bowel perforation in one. Bowel perforation not associated with NEC occurred in eight. Mean age at diagnosis was 23 days with a range of 8 to 36 days. Inability to feed and ileus generally appeared during the latter part of the course. Liver disease was manifest by hepatomegaly, cholestatic jaundice, and elevated liver enzymes when checked. The renal system was the last to become involved. Oliguria progressed to anuria with generalized edema, which was present in all but one infant at the time of death. Care was withdrawn in seven (50%) of the infants because of their deteriorating clinical condition. Cause of death in the six autopsied cases was reported as sepsis with associated findings including anoxic brain changes, IVH, chronic lung disease (CLD), NEC, and acute renal tubular necrosis.
We compared these PND with 14 infants who survived to nursery discharge ( Table 1) . The PND and controls each included one pair of dichorionic diamniotic twins. Comparison revealed no significant difference in the Apgar scores of the two groups or in the incidence of fetal distress (Table 2) . Nor was there a significant difference in incidence of treated patent ductus arteriosus or in the method and number of days of ventilation. All but one case and all controls received postnatal steroids. Mean age at first treatment was 9 days for PND and 13 days for controls. Mean total days of treatment was 35 for PND and 28 for controls. Neither of these was significantly different. Although there was no significant difference between PND and controls in the incidence of other nursery morbidities such as IVH, cholestatic jaundice, or positive cultures, the PND had a consistently higher incidence. Significantly fewer PND received antenatal steroids, and significantly more received 
*Data expressed as means (±SD).
w During the first 28 days. CSF = cerebrospinal fluid, IVH = intraventricular hemorrhage, N/S = not significant, PND = postponed neonatal deaths, PDA = patent ductus arteriosus.
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Causes of Nursery Death prolonged courses of dopamine and dobutamine for cardiovascular support in the first 4 weeks. Eight PND and only one survivor were treated with amphotericin B in the first 2 weeks for presumed fungal infection. Likewise, eight PND and one survivor had bowel perforation, for which all eight PND and no survivors received abdominal surgery. The one abdominal surgery among the survivors was not related to bowel perforation. In all cases, the diagnosis of bowel perforation was made after the initiation of postnatal steroid therapy. Generalized edema, especially late in the course, was much more common among the PND. Comparison of weight gain between the two groups showed nearly identical mean weights through 25 weeks postmenstrual age. They remained comparable with PND mean weights only slightly higher until 32 weeks, when the PND diverged; at no point was the difference significant. Examination of the individual growth curves of the PND revealed a pattern of frequent late vacillations with large rapid changes in weight in response to diuretics, including a sudden weight gain immediately before death. This pattern was not seen in the controls. Placental pathology reports were available for 13/15 infants with congenital anomalies, 12/14 PND, and 11/14 controls (Table 3 ). Acute and chronic infection was more common in the placentas from the PND. Three PND and none of the controls had placental infarcts. There were four normal placentas among the infants with congenital anomalies, two among the controls, and none among the PND. None of these differences achieved significance.
DISCUSSION
Although our population is overwhelmingly Hispanic, this does not appear to bias the 12% incidence of postneonatal deaths which we report. The 11% incidences referenced in the introduction are from a hospital with a substantial black population and a large multicenter study with a mixed population representive of the United States. 3, 4 Infants who died in the nursery after the neonatal period were primarily of two kinds: those who died of the complications of congenital anomalies and those who died of the complications of prematurity. Over the past 25 years, congenital anomalies have been responsible for one-third to one-half of postneonatal deaths. Kulkarni et al., 7 in a study of postneonatal mortality among infants admitted to a neonatal intensive care unit in 1971 to 1974, reported that 59% of deaths were because of congenital anomalies, with cardiovascular, CNS, and chromosomal defects being most common. A study of infants born between 1984 and 1986 found congenital anomalies to be the cause of death in 34% of postneonatal deaths before nursery discharge. 8 We found that 50% of our deaths were because of congenital anomalies. These infants were notable chiefly for their diversity: a disparate array of congenital anomalies was represented. Notable as well were the high incidence of fetal hydrops (33%) and pulmonary hypoplasia (27%), and the relatively low incidence of CNS anomalies (7%) and the absence of primary cardiac anomalies. Many of these infants with congenital anomalies were also premature: the mean gestational age was less than 33 weeks, and 60% had a birth weight less than 2500 g.
The infants without congenital anomalies followed a rather typical course marked by complications of prematurity leading to progressive clinical deterioration: hence, PND. Placental disease was a more or less universal finding in both the PND and the survivors, suggesting that the placental pathology had much to do with the events leading to premature delivery in both groups. 9 Less than a third of the PND received antenatal steroids, in contrast to all but one of the survivors. This suggests that the administration of antenatal steroids played a significant role in the survival of the control group, as compared to the PND. It also may explain, in part, why the PND followed a poorer course from the outset as evidenced by the need for greater early ionotropic support. Within the first 2 weeks after birth over half the PND and only one control received amphotericin for positive fungal cultures. This may represent a more severe immune deficiency in these infants or simply an overabundance of potential colonization sites. There were numerous other evidences of multiple system disease: early difficulties in cardiovascular support as evidenced by the increased use of dopamine and dobutamine, and later in the course, severe IVH, NEC, and liver disease F the latter secondary, at least in part, to prolonged parenteral nutrition. Postnatal steroid use may have been culpable in the unexpectedly high incidence of bowel perforation among these infants, 10 many of whom had no clinical evidence of NEC, although the difference in steroid use between PND and controls was not significant. It should be noted that none of the infants died intraoperatively or immediately postoperatively: in none of the PND was bowel perforation or the complications of surgery the proximal cause of death. Of all the system failures, renal disease had the most dramatic clinical manifestations in the latter part of the course. The wild fluctuations in weight were secondary to fluid retention punctuated by massive iatrogenic diuresis. The scenario of lack of antenatal steroids, sicker infants at birth, earlier postnatal steroids, administration of amphotericin, and late bowel perforation describes the course of the PND against the background of progressive organ system failure and terminal infection. Previously, Hack et al. 3 found that, from 1975 to 1977, 50% of late deaths in the nursery were because of chronic lung disease (CLD). More recently, a study of premature infants born between 1994 and 1996 found that CLD was one of the two major causes of postneonatal nursery death, 11 and a study from Wales of postneonatal deaths from 1993 through 1996 concluded that respiratory complications of prematurity were responsible for the majority of postneonatal deaths. 12 Although all our infants both PND and controls were on ventilatory support and developed CLD, only in one PND did the respiratory complications of prematurity appear to be a primary cause of death.
In a multicenter study of postneonatal death in the mid-1980s, infection was the proximal cause of death in 25 to 44% of prematurity-related deaths. 8 All of our PND had positive bacterial and/or fungal cultures from sterile sites; sepsis or disseminated infection was confirmed in all autopsied PND. Thus infection, as the final event in a series of progressive multiple organ failure, was likely the proximal cause of death in all of these infants.
Two previous studies at this institution examined postneonatal death of infants who died in the nursery before discharge. The first study, an autopsy review, included 18 infants born between 1976 and 1983. 5 The second compared the clinical course of 11 of these infants born between 1981 and 1983 with 11 matched controls that survived to discharge. 6 Major changes in neonatal care have occurred in the intervening years, including highfrequency ventilation, surfactant, and postnatal steroids resulting in survival at lower birth weights. PND have decreased proportionate to neonatal deaths, but their incidence has remained the same at 11 to 12%. Birth weight and gestational age have also dropped mirroring the changes in neonatal mortality. Thus, the infants in the earlier studies were much larger than the PND in our present study, with mean birth weights of 1195 and 1188 g. As in the current study, there was no difference between cases and controls in antenatal or early nursery events; only a few infants in each group had received antenatal steroids. Difficulties were noted in cardiovascular management similar to those in the current study. CLD was universal; CNS insult likewise. Infection was felt to be the proximal cause of death in nearly all the infants in the earlier studies; five had disseminated candidiasis. Care, which was withdrawn in half of our dying infants, was withdrawn in none of the infants in these earlier studies, reflecting the significant changes in the philosophy and practice of end of life care that occurred in the intervening years. With the exception of the high use of inotropic agents, the distinguishing features of the PND in the current study (e.g., antenatal steroids, amphotericin, bowel perforation) were absent among the earlier PND. Thus, while the problem of PND has not diminished, its face has changed to reflect changes in neonatal management.
CONCLUSIONS
The rate of late nursery death has not changed over more than 20 years. In the data available from 1975 in the literature as well as in our own reports, it has remained at 11 to 12%. It remains a significant problem and a significant contributor to nursery mortality. As with neonatal death, congenital anomalies are a prominent cause of postneonatal nursery death. Numerous features were more common in the PND as compared to similar infants who survived to discharge. Disappointingly, none is sufficiently consistent to enable reliable earlier identification of PND. The one potentially preventable factor that separated PND from controls was the use of antenatal steroids. This strongly suggests that antenatal steroid administration may be important in reducing postneonatal mortality of extremely premature infants.
